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假单胞杆菌 Na+/H+逆向转运蛋白基因(nhaA)克隆、鉴定 
与转化水稻初探 




物，以极端嗜盐细菌假单胞杆菌（Pseudomonas sp.cn 4902）的总 DNA为模板，通
过 PCR扩增出一新结构基因，并将它克隆至 pMD18-T载体上。测序结果表明：该
结构基因长 1089bp，编码 362 个氨基酸。通过生物信息学方法，经 GenBank 中
Blast比较得知，本序列与多种生物的 nhaA基因高度同源，与 E.coliK12的 nhaA
基因的同源性高达 98%。该基因已在 GenBank登记，代号为 AY643494。将该结构
基因与 pBV220质粒构建成大肠杆菌高效表达重组载体 pBVA。SDS-PAGE电泳表明：
含 pBVA的 E.coli JM101转化子产生了较高浓度的 Na+/H+逆向转运蛋白，分子量
约为 41kDa，与预期相符。 通过生长曲线检测发现，在含 NaCl 1.0mol/L培养基
中达到生长平衡期时，转化子的菌浓度约是对照的 2.3倍。经原子吸收光谱测定，







白酶切位点进行蛋白酶切，获得 nhaA基因的表达蛋白。表达蛋白 N端的 8个氨
基酸测序的结果与 nhaA基因所推测的氨基酸序列完全一致。 
为了使 nhaA 基因能在真核细胞中表达，在该基因的 5ˊ端引入 35S 真核启
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Cloning and identification of Na+/H+ antiporter gene(nhaA) 
from Pseudomonas sp. & Oryza sativa transformation 
Abstract 
Na+/H+ antiporters are membrane proteins that play a major role in pH 
and Na+ homeostasis of cells throughout the biological kingdom, either pump 
Na+ out of the cells actively or translocate it from cytoplasm into vacuoles in the 
plant cells. This is one of the key reasons that bear responsibility for the 
organisms surviving in a high salinity environment. According to the 
essential character that no intron can be found in the genes of prokaryote, a 
pair of primer has been designed on the basis of the conserved sequence of 
Na+/H+ antiporter gene nhaA in Escherichia coli. The nhaA gene of 
halophilous Pseudomonas sp. cn 4902 has been amplified by PCR reaction 
of making use of its genomic DNA as template and inserted into pMD-18T 
vector. Sequence of this gene can be shown that it is 1089bp in length and 
codes for 362 amino acid residues. The nucleotide sequence and deduced 
amino acids of this gene share more than 90% homologies with nhaA gene of 
other organisms, especially for the nhaA from E.coli K12 that reaches as high 
as 98% by bioinformatics. The gene has been registered in GenBank by the 
acception number AY643494. Furthermore this gene was then subcloned to 
construct a high expression recombinant vector pBVA from pBV220 and 
transferred in E.coli JM101. An over expressed band of about 41kDa protein 
in the transformant was found after protein SDS-PAGE electrophoresis, 
indicating that it was coincided with the foreign expressed gene. The 
detection of growth curve showed that the biomass of the transformant is 2.3 
times of the control in the liquid medium containing 1.0mol/L NaCl. It was 
found that Na+ concentration in cytoplasm of the transformant is low to 
60.4% of control by the detection of atomic absorption spectrum, because of 
active transporting Na+ out of the cell membrane by the membrane fusion 
exporter, NhaA. After continuously cultivating for 18 generations under 42
℃ hot shock (9d), all the transformants lost their reconstructed plasmids 
with the result that salt-tolerance-level went back to the original standard. In 
summary, all the experiments prove that the cloned gene mentioned above is 
nhaA gene of Pseudomonas sp. cn 4902. Evidence of SDS-PAGE 
electrophoresis of membrane protein also showed that the NhaA was located 
in membrane. 
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digested by FXa proteinase. This protein sequence of eight amino acids in N 
termination is entirely accordant with the sequence deduced from nhaA gene 
we cloned. 
In order to transfer the nhaA gene into eukaryotic cell, a 35S promoter 
was adhibited in 5ˊend of the gene and form a reconstructed plasmid pCHA 
in Agrobacterium rhizogenes, then it was transferred into the calli of Oryza 
sativa. Nowadays the foreign gene could be detected by GUS staining in the 
function and PCR amplification in the calli resisting to Carbenicillin (Cb). 
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前       言 









1.1物理化学法(The physical and chemical clone) 
在基因工程在发展初期，许多科学家利用不同基因片段物理化学性
质的差异来分离目的基因。众所周知，DNA 分子的两条链存在着 GC、
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按密度大小分离开来。然后通过与某种放射性标记的mRNA杂交来检测、
分离相应的基因。 
















1.2杂种细胞克隆法（The hybrid-cell cloning） 
    杂种细胞克隆法，又叫核不均一 RNA法（hnRNA approach）。该法
常用于人类基因克隆。人类基因在人-仓鼠体细胞杂合体中的含量一般小
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特异的 Alu 重复序列，成熟 mRNA 中此类重复序列极少。用未成熟的
hnRNA可增加鉴定出 Alu序列的可能性，所以 mRNA的前体 hnRNA可
以用来克隆人类基因。 
(1) 用 Alu PCR 法扩增 hnRNA 得到 cDNA 即先合成第一链 hn 
cDNA，然后以 Alu重复保守区衍生而来的两个方向相反的寡核苷酸做引
物，分别合成 hn cDNA。由此得到的 cDNA80%来源于人类基因[5]。 





    利用杂种细胞克隆法可快速地从具人类某号染色体或染色体片段的
杂种细胞中分离出转录序列，并可用 PCR扩增该序列，从而大大促进了
对人类给定区域基因的分离步骤。 
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因此 DNA插入诱变法又叫 DNA标签法。 
1.4 消减杂交法(The subtractive hybridization) 
    消减杂交法[7]的原理是：从两组对应的细胞群体中提取 mRNA，把

















1.5 相同序列克隆法(The coincident sequence clone) 
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一染色体或染色体片段特异性的基因组 DNA或 cDNA序列。                     
1.6 差异显示法(The differential display clone) 
1.6.1 mRNA差异显示法  mRNA差异显示法又称差异显示反转录 PCR，





耐盐基因材料，通过 DDRT-PCR获得了 424bp的该藻叶绿体 ATP合成酶
α亚基的基因片段。 
1.6.2 代表性差异分析法  代表性差异分析技术[12]是通过突变型（驱赶
DNA，Driver）与野生型（检测 DNA，Tester）基因组之间的差异比较来
分离和鉴定突变基因的方法。以野生型基因组 DNA 为 Tester，突变型
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DNA为 Driver可获得重排和扩增的基因。该方法的主要步骤有： 
（1）检测 DNA和驱赶 DNA的制备：正常或突变基因 DNA经限制
性内切酶作用后，连上含有该酶酶切位点的接头制成检测 DNA；异常或
正常基因组 DNA切下接头后，不再连上另组接头制成驱赶 DNA。这样
检测 DNA和驱赶 DNA代表了基因组 DNA的一部分，且由一系列小片
段 DNA组成，降低了基因组 DNA的复杂度，使下步杂交快速和有效； 
（2）液相杂交：检测 DNA 和驱赶 DNA 按一定的比例，在适当的
缓冲体系中高温变性，中温长时间复性后，90%的单链 DNA都复性成稳
定的双链结构，出现四种情况的组合 DNA片段：检测 DNA中仅有的片
段自身复性，检测 DNA和驱赶 DNA复性形成异源双链，驱赶 DNA自




测 DNA 有的而驱赶 DNA 中缺失的 DNA 片段。以此 PCR 产物为检测
DNA再次与过量的驱赶 DNA杂交，重复三轮杂交后即能充分富集出驱
赶 DNA中缺失的片段。 
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